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Preface 
During June 1972 Tropical Storm Agnes released record amounts of rainfall on the watersheds of 
most of the major tributaries of Chesapeake Bay. The resulting floods, categorized as a once-in-100-to-
200-year occurrence, caused perturbations of the environment in Chesapeake Bay, the nation's greatest 
estuary. 
This volume is an attempt to bring together analyses of the effects of this exceptional natural 
event on the hydrology, geology, water quality, and biology of Chesapeake Bay and to consider the 
impact of these effects on the economy of the Tidewater Region and on public health. 
It is to be hoped that these analyses of the event will usefully serve government agencies and 
private sectors of society in their planning and evaluation of measures to cope with and ameliorate 
damage from estuarine flooding. It is also to be hoped that the scientific and technical sectors of 
society will gain a better understanding of the fundamental nature of the myriad and interrelated 
phenomena that is the Chesapeake Bay ecosystem. Presumably much of what was learned about 
Chesapeake Bay will be applicable to estuarine systems elsewhere in the world. Most of the papers 
comprising this volume were presented at a symposium held May 6-7, 1974, at College Park, Mary-
land, under the sponsorship of the Chesapeake Research Consortium,Inc., with support from the 
Baltimore District. U.S. Army Corps of Engineers (Contract No. DACW 3 l-73-C-0189). An early and 
necessarily incomplete assessment, The Effects of Hurricane Agnes on the Environment and Organisms 
of Chesapeake Bay was prepared by personnel from the Chesapeake Bay Institute (CBI), the Chesa-
peake Biological Laboratory (CBL), and the Virginia Institute of Marine Science (VIMS) for the 
Philadelphia District, U.S. Army Corps of Engineers. Most of the scientists who contributed to the 
early report conducted further analyses and wrote papers forming a part of this report on the effects 
of Agnes. Additional contributions have been prepared by other scientists, most notably in the fields 
of biological effects and economics. 
The report represents an attempt to bring together all data, no matter how fragmentary, re-
lating to the topic. The authors are to be congratulated for the generally high quality of their work. 
Those who might question, in parts of the purse, the fineness of the silk must keep in mind the nature 
of the sow's ears from which it was spun. This is not to disparage the effort, but only to recognize 
that the data were collected under circumstances which at best were less than ideal. When the flood 
waters surged into the Bay there was no time for painstaking experimental design. There were not 
enough instruments to take as many measurements as the investigators would have desired. There 
were not enough containers to obtain the needed samples or enough reagents to analyze them. There 
were not enough technicians and clerks to collect and tabulate the data. While the days seemed far too 
short to accomplish the job at hand, they undoubtedly seemed far too long to the beleaguered field 
parties, vessel crews, laboratory technicians, and scientists who worked double shifts regularly and 
around the clock on many occasions. To these dedicated men and women, whose quality of perform-
ance and perseverance under trying circumstances were outstanding, society owes an especial debt of 
gratitude. 
It should be noted that the Chesapeake Bay Institute, the Chesapeake Biological Laboratory, and 
the Virginia Institute of Marine Science, the three major laboratories doing research on Chesapeake 
Bay, undertook extensive data-gathering programs, requiring sizable commitments of personnel and 
equipment, without assurance that financial support would be provided. The emergency existed, and 
the scientists recognized both an obligation to assist in ameliorating its destructive effects and a rare 
scientific opportunity to better understand the ecosystem. They proceeded to organize a coordinated 
program in the hope that financial arrangements could be worked out later. Fortunately, their hopes 
proved well founded. Financial and logistic assistance was provided by a large number of agencies 
V 
that recognized the seriousness and uniqueness of the Agnes phenomenon. A list of those who aided 
is appended. Their support is gratefully acknowledged. 
This document consists of a series of detailed technical reports preceded by a summary. The 
summary emphasizes effects having social or economic impact. The authors of each of the technical 
reports are indicated. To these scientists, the editors extend thanks and commendations for their 
painstaking work. 
Several members of the staff of the Baltimore District, U.S. Army Corps of Engineers, worked 
with the editors on this contract. We gratefully acknowledge the helpful assistance of Mr. Noel E. 
Beegle. Chief. Study Coordination and Evaluation Section, who served as Study Manager; Dr. James 
H. McKay. Chief, Technical Studies and Data Development Section; and Mr. Alfred E. Robinson, Jr., 
Chief of the Chesapeake Bay Study Group. 
The editors are also grateful to Vickie Krahn for typing the Technical Reports and to Alice Lee 
Tillage and Barbara Crewe for typing the Summary. 
The Summary was compiled from summaries of each section prepared by the section editors. I 
fear that it is too much to hope that, in my attempts to distill the voluminous, detailed, and well-
prepared pape_rs and section summaries, I have not distorted meanings, excluded useful information 
or overextended conclusions. For whatever shortcomings and inaccuracies that exist in the Summary, 
I off er my apologies. 
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PUBLIC HEALTH ASPECTS OF TROPICAL STORM AGNES 
IN VIRGINIA'S PORT ION OF 
CHESAPEAKE BAY AND ITS TRIBUTARIES 1 
M. P. Lynch 2 
J. Claiborne Jones 2 
ABSTRACT 
All Virginia waters within Chesapeake Bay were closed for 
the taking of shellfish for direct consumption on 23 June 1972. 
This initial closing was in anticipation of high microorganism 
levels accompanying flood waters moving downstream. Various 
areas beginning with the lower portion of Chesapeake Bay were 
reopened beginning )n 20 July 1972. By 5 October 1972 all areas 
closed as a result )f Tropical Storm Agnes were reopened. No 
increased incidents of infectious diseases caused by waterborne 
microorganisms were noted in Virginia which could be attributed 
to Tropical Storm Agnes. In contrast to the Maryland situation, 
no Virginia waters were closed for water contact as a result of 
Agnes. No incidents of injuries or health impairment due to 
hazardous substances entering the estuarine portion of Virginia's 
waters were reported. Accumulations of pesticides and heavy 
metals in shellfish were insufficient to cause a public health 
hazard. Prompt action by the Virginia Health Department in 
closing the waters of the Bay and its tributaries to shellfish 
harvesting for human consumption undoubtedly prevented marketing 
of contaminated shellfish. The higher coliform counts in Virginia's 
estuaries in late June 1972 appeared to be primarily associated 
with runoff from the initial rains. The overall public health 
impact of Agnes on the Virginia waters of Chesapeake Bay and its 
tributaries was minimal with the exception of economic dislocations 
caused by shellfish and water contact recreation closings. 
SHELLFISH AREA CLOSINGS 
On 23 June 1972, the Virginia Department of Health closed Virginia waters 
in Chesapeake Bay and its tributaries for the taking of shellfish for direct 
human consumption. This action was a precautionary measure, taken in anticipa-
tion of high coliform levels of flood waters entering the shellfish harvesting 
areas of the Commonwealth. 
The Virginia Bureau )f Shellfish Sanitation immediately initiated an exten-
sive sampling program to :nonitor coliform levels throughout the Bay ~nd its tri-
butaries. The results of this sampling indicated that anticipated high levels 
of coliforms did not occur throughout the Bay. Portions of the Bay and tribu-
taries were reopened commencing 20 July 1972. By S October 1972, all areas 
closed as a result of Agnes were reopened. Fig. 1 recapitulates the timing of 
the reopening of Virginia waters to shellfish harvesting. 
1Contribution No.765, Virginia Institute of Marine Science 
2Virginia Institute of Marine Science, Gloucester Point, Va. 23062 
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WATER-CONTACT RECREATION BANS 
No water contact recreation bans in Virginia waters were imposed by the 
Virginia Department of Health. The 30 June 1972 ban on water contact recreation 
imposed in all Maryland waters in Chesapeake Bay and tributaries had an impact 
on those Virginia counties with Potomac River shorelines since Maryland has 
jurisdiction in the Potomac to the Virginia shore. 
On 14 July 1972, the City of Norfolk, Virginia, Health Department closed 
the Sarah Constant Shrine Beach and recommended against use of other city beaches 
in the Ocean View area (Fig. 2). On 19 July the U.S. Navy closed two beaches 
at Little Creek, Virginia and its one beach along Virginia Beach's oceanfront. 
The City of Norfolk action was triggered by high fecal coliforms at the Sarah 
Constant Beach (up to 6000/100 ml) and Community and Ocean View beaches (between 
240-400/100 ml). The U. S. Navy action was taken on the basis of total coliform 
counts of more than 1000/100 ml (fecal coliforms at the Navy beaches measured 
only 4/100 ml). 
The higher than normal coliform and fecal coliform readings in the Norfolk 
area were initially attributed to Agnes, but subsequent investigation disclosed 
that the source was a broken sewer main in Norfolk which overflowed into a storm 
Jrain entering Chesapeake Bay near the Sarah Constant Beach. 
WATERBORNE PATHOGENS 
No incidents of increased disease caused by waterborne pathogens were re-
ported in Virginia. Infectious hepatitis cases reported in Virginia during the 
months of June-August 1972 (Table 1) were 56% fewer than in the comparable period 
of 1971. In 1973, there were 52% fewer cases of infectious hepatitis reported 
than in 1972. It is not known whether this is part of a downward trend in hepa-
titis infections or due in part to reduced shellfish consumption during the 
period after Agnes. 
Table 1. Cases of infectious hepatitis reported in Virginia during 
Month 
May 
June 
July 
August 
September 
October 
the months of May - October 1971 through 1973. These figures 
were obtained from Virginia Department of Health. 
1971 1972 1973 
184 103 40 
140 72 67 
228 107 37 
111 88 36 
90 73 75 
118 55 43 
MISCELLANEOUS HAZARDS 
Analysis of pesticide and heavy metal levels in shellfish (Huggett & Bender, 
this vol.) indicated that accumulations of these materials did not reach levels 
to constitute health hazards as a result of Agnes. 
Estimates of quantities of hazardous material entering the estuaries with 
flood waters were incomplete. The City of Richmond indicated 1,000 lbs. of 
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liquid chlorine were lost in the flood, but no injt1ries were reported attributable 
to this loss. No incidents of injuries or health jmpairments due to hazardous 
materials entering the estuarine portion of Virginja were reported. 
C'JLIFORM LEVEL5 
IntJ•oduction 
Preliminary assessmen-: of coliform levels in Virginia's estuarine waters 
(Chesapeake Bay Research Cot.:ncil 1973) indicated a general rise in coliform levels 
during the aftermath of Agnes. At the time of the initial assessment (September-
Octobcr 1972) it was not possible to assign cause for all the rise to direct or 
indirect effects of Agnes. Initial reports of Agnes effects indicated many sewage 
treatment plants were inundated with resultant additional amounts of sewage to the 
waters entering the study area. 
Rough approximations of sewage bypassed in various Virginia tributaries were 
developed from memoranda reports from wastewater plant operators in the files of 
the Virginia Department of llealth (Table 2). These approximations are very crude 
and only indicate that a large amount of sewage was bypassed as a result of Agnes. 
Table 2. Approximate estimates of sewage bypassed in Virginia streams 
as a result of Tropical Storm Agnes (developed from memoranda 
in Virginia Department of Health files). 
Tributary 
James River 
Potomac River 1 
Rappahannock River 
York River 
Estimaied Bypass (Million Gallons) 
400 
40 
Undetermined 
None 
1Does not include estimates of bypassed sewage from Washington, D. C. 
or Suburban Maryland. 
The only body of data of sufficient completeness to provide insight into the 
relation of Agnes and coliform levels in Virginia's estuarine waters is that of 
Virginia Department of Health's Bureau of Shellfish Sanitation (BSS). The BSS 
conducted intensive monitoring of Virginia's waters at stations that had been 
sampled at periodic intervals in prevjous years. The BSS made all data obtained 
from coliform monitoring available to us for analysis in relation to Agnes. 
The BSS utilizes an MP~ technique for coliforms. Lactose broth medium is 
used for presumptive coliforms with total coliforrns confirmed in brilliant green 
bile broth and fecal coli forms confirmed in EC medium (APHA 1971). 
Certain deficiencies inherent in the data base prevent definite analysis of 
the interrelationship between coliform levels and Agnes. These inherent defi-
ciencies are: 
1) Prior to the summer of 1972 the BSS was staffed at a very low level. 
The frequency of sampling at the established station was very low. Fortunately, 
the increased staffing of the BSS to a more realistic level occurred coincidently 
with Agnes so that sampling during Agnes' aftermath and subsequent periods 
(particularly the summer of 1973) does provide a data base of some utility. 
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2) The BSS is charged with monitoring coliform levels in terms of public 
health significance. Their laboratory methodology does not normally enable 
discrete enumeration of coliform levels greater than 1100/100 ml. Increased 
levels could not therefore be determined in areas which normally have coliform 
levels of 1100/100 ml or greater. 
3) The sampling sites for routine BSS sampling were chosen with a view of 
monitoring areas of shellfish production, i.e., natural oyster rock, active pri-
vate beds and areas in proximity to known sewage outfalls. Few of the sampling 
stations are located in mid-channel areas of the Bay or major tributaries or in 
the vicinity of the mouths of these tributaries. 
Selection of Stations 
For the purposes of this attempt to analyze available coliform data in terms 
of Agnes, the data available from the stations located at the points indicated in 
Fig. 3 were evaluated for the three year period 1971 through 1973. These stations 
were selected using the following criteria: 
1) Location along the salinity gradient: An attempt was made to select 
stations along the major tributaries at the uppermost site sampled, the mouth of 
the tributary and approximately evenly spaced sites along the tributary. In the 
Bay proper, sites were selected which would provide good geographical c9verage. 
2) Proximity to mid-channel: Where possible sites closest to the channel 
were chosen for detailed analysis. Because of the siting factors mentioned pre-
viously, it was not possible to find sites in mid-stream of the major tributaries 
or the Bay proper. 
3) Normal condition for the area: Those sites which routinely had coliform 
levels in excess of 1100/100 ml were eliminated from the detailed analysis. 
4) Completeness of data: After the previous criteria were used to select 
possible sites for analysis, the completeness of data, particularly presence of 
data in all three years (1971-1973) during the months of May through October was 
used for the final criterion. 
It must be a<l<led at this point that few stations proved to be ideal for 
analysis and that many compromises in selection had to be made. 
RESULTS 
At ~ost stations selected for analyses, highest coliform counts coincided 
with periods of heaviest rainfall. A typical rainfall-coliform relationship is 
shown in Fig. 4. Total coliform levels were already relatively high in May and 
early June (prior to Agnes) at many stations throughout the Bay. For the most 
part, these relatively high levels can be attributed to runoff associated with 
the heavy rainfall during these months. Although total coliform levels were 
relatively high, fecal coliform levels did not appear markedly elevated (Fig. 5). 
At most of the stations analyzed which were not usually considered polluted, 
total coliform levels during the summer of 1972 exceeded total coliform levels 
during the summer of 1971 or 1973 (Fig. 6). This was not, however, true of fecal 
coliforms. With few exceptions, fecal coliforms did not reach excessively high 
levels at these stations during the aftermath of Agnes. 
CONCLUSION 
The runoff associated with local rainfall from Agnes resulted in increased 
levels of total coliforms throughout the Virginia portion of Chesapeake Bay and 
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its tributaries. With few exceptions these high levels of total coliforms were 
not accompanied by a rise in fecal coliforms. In local areas, where wastewater 
treatment plants were taxed to or beyond capacity fecal coliform counts reached 
very high levels. These high fecal coliform levels did not appear to extend 
beyond local waters. There did not appear to be any excessively high coliform 
levels (either fecal or total) developed in the shellfish harvesting areas as a 
result of high coliform levels in flood waters from above the fall line. 
SUMMARY 
Prompt action by the Virginia Department of Health in closing the waters of 
the Bay and its tributaries to shellfish harvesting for direct human consumption, 
undoubtedly prevented marketing of contaminated shellfish. The higher than usual 
coliform levels in Virginia waters appeared to be primarily associated with run-
off from the initial rains. Overall, with the exception of economic dislocations 
in the shellfish industry clue to closings and the recreation industry because of 
Maryland's water contact recreation ban, the public health impacts of Agnes in 
Tidewater, Virginia were minimal. 
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Figure 1. Areas of the Commonwealth of Virginia closed for the 
harvesting of shellfish for direct human consuwption 
in the aftermath of Tropical Storm Agnes, summer of 
1972. By 5 October 1972, all areas closed as a result 
of Agnes were reopened. Closings normally in effect, 
remained in effect. 
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Figure 2. Beache~ in the Norfolk and Virginia Beach area closed 
for water contact recreation during parts of July 1972. 
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Figure 3. Virginia stations selected for analysis of Agnes effects 
on estuarine bacterial levels. 
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Figure 4. Typical rainfall - total coliform relationship seen 
in Bureau of Shellfish Sanitation data. 
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Figure 5. Examples of elevated total coliform levels in Virginia 
waters prior to Agnes. 
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Figure 6. Examples of typical total coliform and fecal coliform 
patterns during the aftermath of Tropical Storm Agnes. 
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